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Abstract
Purpose To investigate if an association between
spondylolisthesis and L5 fracture occurs in patients affec-
ted by Osteogenesis Imperfecta (O.I.).
Methods Anteroposterior and lateral radiograms were
performed on the sample (38 O.I. patients, of whom 19
presenting listhesis); on imaging studies spondylolisthesis
was quantified according to the Meyerding classification.
Genant’s semiquantitative classification was applied on
lateral view to evaluate the L5 fractures; skeleton spinal
morphometry (MXA) was carried out on the same images
to collect quantitative data comparable and superimposable
to Genant’s classification. The gathered information were
analyzed through statistical tests (O.R., v2 test, Fisher’s
test, Pearson’s correlation coefficient).
Results The prevalence of L5 fractures is 73.7 % in O.I.
patients with spondylolisthesis and their risk of experi-
encing such a fracture is twice than O.I. patients without
listhesis (OR 2.04). Pearson’s v2 test demonstrates an
association between L5 spondylolisthesis and L5 fracture,
especially with moderate, posterior fractures (p = 0.017)
and primarily in patients affected by type IV O.I.
Conclusions Spondylolisthesis represents a risk factor for
the development of more severe and biconcave/posterior
type fractures of L5 in patients suffering from O.I.,
especially in type IV. This fits the hypothesis that the
anterior sliding of the soma of L5 alters the dynamics of
action of the load forces, localizing them on the central and
posterior heights that become the focus of the stress due to
movement of flexion–extension and twisting of the spine.
As a result, there is greater probability of developing an
important subsidence of the central and posterior walls of
the soma.
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Introduction
Osteogenesis Imperfecta (O.I.) is an inherited skeletal
disorder affecting approximately 1 in 20,000 births [1].
Characteristics of the disease are low bone mass, bone
fragility and progressive skeletal deformities. In 90 % of
cases, etiopathogenesis results from mutations of type 1
collagen, the main structural protein of the bone. As type 1
is an integral component of several tissues, the disease
presents also extraskeletal manifestations [2, 3].
According to genetic and clinical heterogeneity, several
classification systems were established. Sillence classifi-
cation, the most widely used, distinguishes four clinical
types (type I–IV) of O.I. associated with COL1A1 or
COL1A2 mutations [4]. Recently, four additional types
(type V–VIII) displaying distinct features of the disease
and caused by yet unknown mutations have been ascer-
tained; they do not show any evidence of type I collagen
abnormality [5, 6].
Characteristic spinal manifestations of the disorder are
pathological kyphosis scoliosis, and vertebral fractures.
Spondylolisthesis is the forward displacement of one
vertebra relative to the vertebrae below. Bilateral
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spondylolysis, a defect or fracture of the pars interarticu-
laris of the vertebral arch, is the most common cause of
spondylolisthesis. In 90 % of cases, L5 is the most affected
by listhesis because the stress load due to spine flexion,
extension and rotation acts on the isthmus between L5 and
S1 [7–10]. In the O.I. pediatric population, the incidence of
spondylolisthesis is 10.9 %, observed at an average age of
6.5 years, of which 75 % of isthmic type, while the
remaining 25 % of dysplastic type. The elongation of the
vertebral pedicle was found in 40 % of patients with O.I.
[11].
The aim of the study is to investigate if an association
between spondylolisthesis and L5 fracture occurs in
patients with type I and IV O. I.
Materials and methods
The inclusion criteria are: O.I. (type I or IV), spondylo-
listhesis of L5 detected by radiographs.
A total number of 195 O.I. patients followed in our
department participated in this study. Among these, 19
patients (group I) met the inclusion criteria.
Belong to group I (14#, 5$), 13 patients with type I O.I.
and 6 patients with type IV O.I. (average age 19 years,
range 4–49 years).
19 O.I. patients without spondylolisthesis, homogeneous
to group I for age, sex and type of O!I. were randomly
selected and assigned to group II.
Belong to group II (12#, 7$), 16 patients with type I O.I.
and 3 patients with type IV O.I. (average age 15 years,
range 4–50 years).
All patients reported low back pain; nobody took spe-
cific medical treatments for O.I.
Anterior–posterior and lateral radiograms were per-
formed on all patients.
Spondylolisthesis was quantified on lateral radiographies,
according to Meyerding classification, and was expressed as
a slipping percentage of the vertebra (ratio between the
amount of anterior translation and the anterior–posterior
width of the sacral endplate) (Fig. 1); four grades of slippage
were distinguished (grade 1\ 25 %, grade 2\ 50 %, grade
3\ 75 %, grade 4 until 100 %). [12].
Applying Meyerding classification on group I, we rec-
ognized grade 1 spondylolisthesis in 13 patients and grade
2 spondylolisthesis in 6 patients.
Genant’s semiquantitative grade classification method
was applied on lateral view to evaluate the L5 fractures; it
classifies them as mild (20–25 %), moderate (26–40 %) or
severe grade ([40 %) according to the severity of the
fractures, and as wedge, crush or biconcave deformity in
relationship with the involvement of the anterior, posterior
or both vertebral walls [13].
Skeleton spinal morphometry (MXA) was carried out on
lateral radiograms of the column to collect quantitative data
comparable and superimposable to Genant’s semiquantitative
classification. It is routinely performed on L1–L4 in O.I.
patients, as required by our follow-up protocol, to estimate the
fracture risk. This technique first involves the placement of six
points to define the shape of each vertebral body, corre-
sponding to the four corners of the vertebral body and the two
central points of the end plate. From these points, the software
automatically measures the distances between the three upper
and three lower, that are the three vertebral heights: anterior
(ha), medium (hm) and posterior (hp). Vertebral deformities
were quantified according to indices described by Eastell
et al.: index of wedging [(1 - ha/hp) 9 100 %] and con-
cavity index [(1 - hm/ha) 9 100 %] [14–16].
To date, there are any reference values for the indices of
children vertebral deformity. In our study, we defined
vertebral wedge fracture a vertebra with index of wedging
C20 % and concave vertebral fracture with concavity
index of C20 %. Vertebral morphometry was carried out
by the same operator twice in two different moments and
the average of the two measurements was calculated.
Statistical analysis
We estimated the prevalence of L5 fractures, detected by
semiquantitative method and with vertebral morphometry
Fig. 1 Lateral radiograph of the spine of patient 11 of group I. Male,
29 years, type IV O.I., I grade listhesis, moderate biconcave fracture.
The segment a indicates the amount of anterior translation of L5,
compared to the anterior-posterior width of the sacral endplate
(segment b)
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in both groups; the odds ratio (OR), which expresses the
relative risk of the O.I. patients with spondylolisthesis to
develop a L5 fracture, and the OR of patients with listhesis
[25 %.
We assessed within this subgroup the risk for fractures
of mild, moderate and severe grade, and the existence of
any association/correlation with the type of O.I. Finally, we
verified the association between the diseases with the v2
test and Fisher’s test, while the correlation with the Pear-
son’s correlation coefficient.
Results
In the sample (38 patients) were identified 25 L5 fractures,
distributed as follows: (Tables 1, 2).
Table 1 Group I Patient Gender Age Type O.I. Meyerding grade listhesis Genant grade fracture Type fracture
1 M 8 I 1 Mild Biconcave
2 M 15 I 1 Mild Posterior
3 F 42 I 1 – –
4 M 9 IV 2 Moderate Biconcave
5 F 23 I 1 – –
6 M 6 I 1 Mild Posterior
7 F 4 I 2 – –
8 M 6 I 1 Moderate Posterior
9 M 10 IV 1 Moderate Biconcave
10 M 11 I 1 Moderate Posterior
11 M 29 IV 1 Moderate Biconcave
12 M 49 IV 2 Severe Posterior
13 F 11 IV 1 – –
14 F 47 I 1 Mild Posterior
15 M 14 I 2 Mild Biconcave
16 M 17 I 2 Moderate Posterior
17 M 37 IV 1 Moderate Posterior
18 M 23 I 1 Mild Biconcave
19 M 4 I 2 – –
Table 2 Group II Patient Gender Age Type O.I. Meyerding grade listhesis Genant grade fracture Type fracture
1 M 10 IV – Mild Biconcave
2 M 4 I – Mild Biconcave
3 M 9 I – Mild Biconcave
4 F 8 IV – – –
5 M 4 I – – –
6 M 40 I – – –
7 M 23 I – Mild Biconcave
8 M 26 I – Mild Biconcave
9 M 4 I – – –
10 M 50 I – Mild Biconcave
11 M 5 IV – – –
12 F 4 I – – –
13 F 38 I – Mild Biconcave
14 F 12 I – Mild Biconcave
15 F 12 I – – –
16 M 4 I – Mild Biconcave
17 F 10 I – Mild Biconcave
18 F 12 I – – –
19 M 10 I – Mild Biconcave
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• Group I: 14 vertebral fractures (6 mild, 7 moderate, 1
severe); 6 fractures were biconcave type, 8 posterior
type.
• Group II: 11 vertebral fractures, all mild and biconcave
type.
The prevalence of L5 fractures observed in the
study population (38 patients) was 65.8 %; 73.7 % in
group I (42.8 % mild, 50 % moderate and 7.2 %
severe), 57.9 % in group II (100 % mild and biconcave
type).
Fig. 2 Examples of images with a more severe and biconcave/posterior type L5 fracture in type IV O.I. with listhesis (a–d) compared with: mild
and biconcave/posterior fracture in type I O.I. with listhesis (e–h); mild and biconcave fracture in type I O.I. without listhesis (i–l)
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Analyzing L5 fractures according to the subtype of O.I.,
we found out:
– Group I: 6 mild fractures and 3 moderate fractures in 13
patients with type I O.I.; 4 moderate fractures and 1
severe fracture in 6 patients with type IV O.I.
– Group II: 10 mild fractures in 16 patients with type I
O.I.; 1 mild fracture in 3 patients with type IV O.I.
The risk of experiencing such a fracture in group I is
twice than group II (OR 2.04). This risk, however, is not
increased if slippage is[25 % (OR\ 1).
The result of the Pearson’s v2 test demonstrates an
association between L5 spondylolisthesis and L5 fracture,
especially with moderate-to-severe fractures (p = 0.017,
CI 95 %). There is no correlation between percentage of
listhesis and degree of vertebral fractures, and between
percentage of listhesis and fracture type.
Regarding the two subclasses of the types of O.I., there
is correlation (Pearson index = 0.31, p = 0.05, CI 95 %)
between the type of O.I. and the severity of the L5 fracture,
with more severe fractures in type IV O.I. than in type I;
however, there is no association between the type of O.I.
and fracture type, and between this and the percentage of
listhesis.
Conclusions
In our population (195 O.I. patients), the prevalence of
spondylolisthesis is 9.8 %. It represents a risk factor for the
development of more severe L5 fractures and biconcave/
posterior type in patients suffering from O.I., especially in
type IV (Fig. 2a–l).
The pathogenetic hypothesis that would explain this
event is that the anterior sliding of the soma of the fifth
lumbar vertebra alters the dynamics of action of the load
forces, localizing them on the central and posterior L5
heights that become the focus of the stress due to the
movement of flexion–extension and twisting of the spine.
As a result, there is greater probability of developing a
subsidence of the central and posterior walls of the soma
and of higher severity.
The identification of spondylolisthesis as a risk factor of
L5 fracture allows an early recognition of the two diseases
since the early stages, or clinically silent.
We suggest at the first visit to perform a radiographic
study of the spine in anteroposterior and lateral view with
focus on lumbosacral column to seek the slippage of the
vertebral body; in case of spondylolisthesis the Genant’s
semiquantitative method and morphometric examination
on lateral radiograms should follow to evaluate the exis-
tence and the severity of the L5 fracture.
Considering the difficulty in the identification of verte-
bral fractures with visual method, the imaging study should
always proceed with the L5 quantitative morphometric
analysis, which should be carried out in all cases by the
same operator to reduce the risk of underestimating the
pathology.
The early diagnosis would lead to the adoption of con-
servative treatment strategies such as orthoses, rehabilitation,
physiotherapy, practices that limit load, stress and micro-
trauma on the spine; these therapeutic measures are less costly
for patients’ health and quality of life ensuring faster recovery
time and reduction of the period of immobilization.
The latter element should set itself as a priority target in
O.I. patients because it reduces the risk of ‘‘disuse’’ bone
resorption.
Data or studies concerning these conditions have not
been described in the literature.
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